The UIP theorem has had very little empirical support over the past 25 years. Moreover, it has been shown that high-rate currencies have tended to appreciate and low-rate currencies to depreciate, the reverse of theory. The failure of UIP has been no secret to participants in currency markets, where the carry trade, which is essentially a bet against UIP, has become a very popular investment strategy, underpinned by low exchange rate volatility and persistent interest rate differentials. In this paper, I investigate the role that exchange rate volatility plays in the failure of UIP and hence in the build-up of yen carry trade positions. I specify a Markov-switching version of the UIP equation with time-varying transition probabilities. Empirical evidence indicates the presence of a so-called "carry trade" regime, whose features are compatible with the presence of carry trade activities. Moreover, it is confirmed that both an increase in exchange rate volatility and a decrease in expected interest rate differentials lead to a higher probability of carry trade unwinding. Finally, the inclusion of a time-varying risk premium as additional regressor in the UIP equation leaves the results unchanged, indicating the robustness of the nature of the relationship between exchange rate volatility and carry trades.
Introduction
The carry trade has been increasingly attracting the attention of the financial press over the last ten years as both market participants and monetary authorities 1 have agreed that the weakness of lower-interest currencies and the unexpected enthusiasm of investors for high-yielding currencies have been influenced by carry trade activities. The carry trade strategy involves borrowing in a currency with low interest rates (called the funding currency) and investing in one with high interest rates (the target currency). If the target currency does not depreciate vis-à-vis the funding currency during investment horizon, then the investor earns at least the interest differential. According to economic theory, an investment strategy based on exploiting differences in interest rates across countries should yield no predictable profits as "uncovered interest parity" (UIP) should hold. The UIP condition states that higher-yielding currencies will tend to depreciate against lower-yielding ones at a rate equal to the interest differential. Under UIP, currency movements offset any interest rate differential. However, a large body of empirical literature has shown that UIP fails almost universally at time horizons shorter than five years. 2 Moreover, in many cases currencies with high interest rates tend to appreciate while those with low interest rates depreciate: the opposite of what is predicted by UIP. 3 Since Fama (1984) named this inconsistency "forward premium puzzle", academics have struggled to explain it. The failure of UIP has been no secret to participants in currency markets, where the carry trade (which is essentially a bet against UIP) has become a very popular investment strategy, underpinned by low exchange rate volatility and persistent interest rate differentials. Nonetheless, providing empirical estimates of the size of the global carry trade remains problematic. A number of studies from the Bank of International Settlements (BIS) has tried to track carry trade episodes from 1998 on in various sources of data and to shed further light on 1 For instance, de Rato (2007) , Managing Director of the IMF, mentioned that the carry trade reflects low volatilities and large interest rate differentials, which has exerted downward pressure on one of the lowest-interest currencies, the Japanese yen. He also warned that the unwinding of the carry trade positions could lead to rapid reversal movements of exchange rates. 2 See, for example, the surveys of the literature by Engel (1996) and Flood and Rose (2002) . Chinn and Meredith (2004) suggest that UIP does hold at horizons longer than five years. 3 See, for example, Burnside et al. (2006) . the features and on the effect of carry trades on exchange rates dynamics. The conclusion they all share is that the actual importance of the carry trade activity remains to be assessed. In particular, Béranger et al. (1999) focussed on the main features of the yen carry trade and explored the channels through which they might have influenced exchange rate volatility in 1998. According to their study, the high correlation of the profitability of yen carry trades with exchange rate movements at daily frequency is consistent with the hypothesis that the former has played an important role in determining the volatility of the latter. Galati et al. (2007) and McGuire and Upper (2007) employed several datasets, including the BIS international banking statistics and data on turnover in foreign exchange markets, looking for evidence on the importance of global carry trades. They cautiously concluded that the analysed data did shed light on specific market segments where carry trade activity was likely to be evident. The conclusion that publicly available data can provide only indirect evidence on the existence and magnitude of carry trades is shared by Gagnon and Chaboud (2007) . They used a broad range of data sources to explore the carry trade in Japanese yen and devoted special attention to the periods in which yen carry trades are commonly reported to have unwound rapidly (October 1998 , May 2006 , and February 2007 . In particular, they examined price data from the spot and options foreign exchange markets, volume and positions data from the currency futures market, and balance sheet data for broad sectors of the Japanese and rest-of-world economies. According to their definition, an individual or a sector are engaged in the carry trade if they have a short position in yen and a long position in other currencies. They find that market price data show the tendency of large yen movements to be skewed toward appreciations and hence provide some modest support for an existence of substantial carry positions. Moreover, data on bank loans and bond holdings by currency reveal a large apparent yen carry position of the Japanese official sector and modest carry positions in the Japanese and foreign banking sectors. The Japanese private non-banking sector has a large long foreign-currency position, but does not have a short yen position, and is thus not engaged in the yen carry trade in the aggregate. All the papers considered thus far tried to track and gauge the carry trade activity by exploring various sources of data. They all provide some evidence consistent with the presence of such activity and they all agree that its effect on exchange rates can be significant, both in terms of trend and in terms of volatility. The relationship between the yen carry trade 4 and the financial variables which appear to play a role in explaining it is explored in Nishigaki (2007) . Focussing on the US and Japanese financial markets, the paper addresses two issues. First, it identifies the financial factors that have a significant role in explaining the yen carry trade: the change in interest rate differential and the change in investors´ risk aversion; second, it explores the consequences of carry trade unwinding by constructing a six-dimensional structural VAR with monthly data from January 1993 to January 2007. The author's main conclusion is threefold. First, the interest rate differential between the US and Japan does not significantly affect the movement of the yen carry trade. According to Nishigaki (2007) , this apparently counterintuitive result might reflect the fact that the spread between Japanese and US interest rates is so wide that an interest rate differential shock would ultimately leave the attractiveness of the carry trade unaffected. Second, the financial variable that can have a dominant impact on the yen carry trade is the US stock price and finally, the speculative yen carry trade has a significant impact on the exchange rate. In particular, if the long position of the yen is larger, the dollar will depreciate against the yen. The substantial impact of carry trades on exchange rate developments is also acknowledged in a recent study of Ichiue and Koyama (2008) . They estimate a regime-switching model to examine how exchange rate volatilities affect the failure of UIP. Their findings are consistent with market participants' views: in a low-volatility environment, the carry trade and its rapid unwinding do influence exchange rates substantially. Carry trades tend to be pursued only when the interest differential is wide enough to compensate for the foreign exchange risk being taken. Being volatility one of the most common measures of risk in financial markets, in this paper I investigate the role that exchange rate volatility plays in the failure of UIP and hence in the build-up of carry trade positions. I focus my analysis on the carry trade in Japanese yen for a number of reasons. First, the yen is the currency most commonly cited by market participants as the funding currency for carry trades, second, Japan has had the lowest interest rates in the world for more than 10 years, and finally, Ichiue and Koyama (2008) Moreover, it is confirmed that an increase in exchange rate volatility leads to a higher probability of carry trade unwinding. This results is in line with the notion that the carry trade tends to break down when markets become more turbulent. In such conditions, those who borrowed yen to buy other assets (e.g. emerging-market shares) might face a double blow as the yen rose while asset prices fell. If the turbulence were sufficiently large, many years' worth of profits from the carry trade might be wiped out. Finally, it is found that the state of the system is significantly affected also by changes in expectations on interest rate differentials: decreasing expected spreads increase the likelihood of switching to the "carry-trade" regime. In order to assess the robustness of the obtained results, in the last part of the paper I specify an augmented version of the UIP model including time-varying risk premium as additional regime-dependent regressor. The reason for that is that the academic literature lists the presence of a time-varying risk premium amongst the potential causes of the low empirical support for the UIP theorem. The idea is that investors demand a risk premium which is separate from the better interest rate to compensate them for investing in a foreign currency. As this risk premium varies, it might overwhelm the effects of interest-rate changes. The estimation of the augmented UIP specification shows that the obtained results are robust to the inclusion of time-varying risk premium. The reminder paper is structured as follows. Section 2 provides a brief review of the regime-switching approaches. In Section 3, a time-varying transition probability (TVTP) Markov-switching model for UIP is presented. Section 4 then describes the data and the empirical results. In Section 5, I introduce a risk-premium-augmented specification of the UIP equation to assess the robustness of the obtained results to the inclusion of a time-varying risk premium. Finally, the concluding remarks are offered in Section 6.
2. Regime-switching models and exchange rates: a brief literature review After Hamilton (1989) applied a regime-switching model to examine the US business cycle, many papers used this framework to model the non-linear behaviour of exchange rate data and allow for endogenous changes in the parameters during the estimation. In particular, the use of the Markovswitching model to analyse the exchange rate market became popular after Engel and Hamilton (1990) , who estimated a two-regime mean-variance model of US dollar returns and found evidence of long swings in exchange rate dynamics. In other words, over the considered sample period, 1973Q4 to 1988Q1, the value of the dollar appeared to move in one direction for long periods of time. Other examples can be found in the work of Engel (1994) , who applied the same specification to a broad set of currencies and in Engel and Hakkio (1996) , who found that exchange rates of currencies in the Exchange Rate Mechanism of the EMS were characterized by long periods of stability interrupted by periods of extreme volatility, suggesting that the exchange rates of the EMS can be described by a mixture of two distributions. Bekaert and Hodrick (1993) also employed a two-regime model of currency returns but add a forward interest rate differential and a lag of exchange rate returns in the model as regime-switching regressors. Amongst the more recent contributions it is worth mentioning the studies of Bollen, Gray and Whaley (2000) and Dewachter (2001) who specified a mean-variance model assuming perfect independence between the state of the mean and the state of the variance. On the other hand, Engel and Hamilton (1990) and Engel (1994) assumed that all the regime-switching coefficients depend perfectly on each other and switch simultaneously. Finally, Ichiue and Koyama (2008) further generalized the previous developed specifications and introduced an interest rate differential as state-dependent regressor in a four-regime model, in which the state variables are not necessarily perfectly dependent nor independent. All the abovementioned regime-switching models have a common denominator: they assume fixed transition probabilities, i.e. the probabilities of moving from one regime to the other are exogenously determined. In this paper, I further extend these models to closely investigate the relationship among exchange rate returns, exchange rate volatility, and interest rate differentials in order to assess whether volatility plays a significant role in the building-up of carry trades (i.e. the failure of UIP) and measure such impact. In particular, to take into account the possibility of regime switching in exchange rates and episodespecific variation in the effects of exchange rate volatility, I use a Markovswitching model with time-varying transition probabilities (TVTP) and investigate whether such a specification is able to identify a nexus between the failure of UIP and volatility.
The econometric model
Let r nt ≡ y t+n -y n , where y t is the logarithm of the yen exchange rate, defined as the price of one US dollar in units of Japanese yen and y t+n is its realization at time t+n. Therefore, r nt can be interpreted as currency returns. Moreover, i t,n is the Japanese n-month interest rate and i * t,n is the US n-month interest rate. A typical test of UIP is conducted using a regression of the form:
(1)
For the UIP to hold Eq. (1) should return a positive and statistically significant γ, ideally close to 1 in value, and μ = 0. On the other hand, UIP will not hold and carry trades will be profitable if the coefficient of the interest rate spread is zero or negative. The results of a preliminary OLS analysis, here omitted for the sake of brevity, highlighted three pieces of evidence. First, the estimated γ is negative and highly significant. Moreover a Wald test shows that γ is significantly different from one and μ is significantly different from zero. This result suggests that UIP does not hold and therefore the yen (lower-interest currency) tend to depreciate, in opposition to what is predicted by UIP. Second, over the considered time span, the coefficient of the interest rate spread in the UIP regression varies over time and its behaviour appears to follow a two-state Markov process: State 0, where γ is zero or positive and State 1, where γ is highly negative and where the carry trade is profitable.
Third, the forward discount puzzle is more evident in a lower-volatility environment. In other words, lower exchange rate volatility leads to a higher deviation from what is predicted by UIP. In order to closely investigate findings of the preliminary analysis, I estimate a regime-switching model where the (past) realized volatility is used as exogenous variable in a timevarying Markov-switching (MS) model. This framework would allow to use both the information about the failure of UIP and the information about volatility development simultaneously in order to detect phases with features consistent with the features of a carry trade episode. In particular, I consider a regime-switching model of UIP that allows intercepts, exogenous coefficients and error variances to stochastically switch over time according to the value taken by a two-state latent Markov chain, describing the compatibility of the yen exchange rate developments with the implementation of profitable carry trade strategies. This can be written as follows:
where z t is the interest rate spread, defined as per Eq. (1), and the model parameters (μ, γ, σ) are subscripted by S t to indicate that their true (unknown) values are shifting between two sets of possible parameter values: (μ 0 , γ 0 , σ 0 ) and (μ 1 , γ 1 , σ 1 ), depending on the profitability of carry trade strategies. In particular, in line with the results of the preliminary OLS analysis, I expect to identify a state in which carry trades are profitable (the "carry-trade" regime), characterized by a highly negative coefficient γ and a relatively low σ and a state in which the coefficient γ is zero or positive and σ is higher than in the "carry-trade" regime. The latent regime-switching variable S t is assumed to evolve according to the time-varying transition probability matrix, P t : where p t ij is the probability of going from state i in period t -1 to state j in period t and F is the normal cumulative distribution function. The elements of the kx1 vector x t-1 are the economic variables that affect the state transition probabilities.
5 When the last (k-1) terms of the (kx1) transition probability parameters vectors, α and β, are set to zero, the transition probability functions are time-invariant, so that p t 00 and p t 11 are simply constants and the timevarying specification can be degenerated into a Markov-switching model with fixed transition probabilities (FTP). The time-varying transition probability matrix in Eq. (3) guides how the two different regimes shift over time. The probability of a switch in regimes is assumed to vary with the evolution of the exchange rate volatility. In particular, the expected sign on the α 1 coefficient (which determines the probability of staying in State 0) is positive -an increases in past realized volatility should theoretically increase the likelihood of remaining in State 0 in the next period. For the same reason, the expected sign on the β 1 coefficient (which determines the probability of staying in State 1) is negative -an increase in past realized volatility should theoretically increase the likelihood of being in State 0 in the next period. It is worth noting that in this setting there is no prior knowledge about the characteristics of the regimes. I allow the model itself to fit the regimes to the data. The estimation procedure I use is direct maximization of the likelihood function, where the likelihood function is calculated using an iterative process, described in Hamilton (1994, pp. 692-93) Having defined the vector of parameters of the model, θ, and using information available up to time t, Ω t , it is possible to construct for each time t the value of Pr(s t = j | Ω t ; θ), the conditional filtered probability that the tth observation was generated by regime j, for j = 1,2,…N, where N is the number of states (in this paper, N=2). These conditional probabilities are collected into an (Nx1) vector . Furthermore, denote with t t| ξ t η the (Nx1) vector whose jth element is the density of r t conditional on s t ., defined as follows:
The optimal inference for each date t can then be found by iterating on the following equation:
where ° denotes element-by-element multiplication. Eq. (4) calculates Pr(s t = j | Ω t ; θ) as the ratio of the joint distribution f(r t , s t = j | Ω t ; θ) to the marginal distribution f(r t | Ω t ; θ), the latter being obtained by summing the former over the states 1,2,…, N.
Given initial values for the parameters, θ, and for (the unconditional 
Empirical Results
The analysis is carried out using monthly data from January 1980 to April 2008, with a total of 340 observations. In particular, I collected end-of-month data for bilateral spot exchange rates, 3-month forward exchange rate, 3-month LIBOR interest rates and Eurodollar and Euroyen 3-month interest rates.
6
Exchange rates are yen-denominated and interest rates are expressed at annual rates. As a measure of exchange rate volatility I employed the realized volatility, calculated as the standard deviation of the daily returns within a month. All data are from Global Insight. With respect to the coefficients of the time-varying transition probabilities, also this specification returns correctly signed estimates which are both statistically insignificant. Therefore, the model was modified further to obtain Modification 2, in which the exogenous variable (past realized volatility) enters into the transition probability for State 1 only. This specification returned correctly signed and statistically significant time-varying probability coefficients. This evidence suggests that the exchange rate volatility affects the state transition probability in an asymmetric fashion, depending on the state of the system in each point in time. In particular, only in State 1, when the coefficient of the interest rate spread is highly negative and the volatility of exchange rate returns is low (the so-called "carry trade" state), an increase in past volatility has a significant impact on the state of the dependent variable, increasing the probability of moving from State 1 to State 0 in the next period. This finding is consistent with the notion that in periods of high volatility of the exchange rate the risk of the carry trade increases, discouraging the exposure to it. In other words, adverse movements in volatility (i.e. increases) can indeed trigger the unwinding of carry-trade positions. On the other hand, when the system is in State 0, exchange rate volatility does not seem to have a significant impact on the state transition probabilities; in particular, a decrease in past realized volatility does not increase the likelihood to enter a "carry trade" state. This result might reflect the fact that in a carry-trade-friendly environment such the Japanese exchange rate market, characterized by historically low volatility levels since the aftermath of the Asian crisis, the weight of past realized volatility on carry trade investment decisions might decline in favour of more forward-looking variables, such interest rate expectations. In particular, even in a low volatility environment, adverse interest rate expectations might wipe off the (expected) profit of the carry trade. For this reason, a decrease in exchange rate volatility alone might not trigger the build-up of carry trade activities and therefore leave the state of the system (State 0) unaffected. In order to statistically assess the impact of interest rate expectations on the state of the system I estimate an additional baseline model (Baseline 3), where the time varying transition probabilities are functions of both the realized volatility and the spread between US dollar and yen and interest rate futures, in which interest rate expectations are embedded. 7 The estimated coefficients of the Baseline Model 3 are also presented in Table 1 and show that changes in interest rate expectations do affect significantly the state of the model. In particular, the negative α 2 coefficient indicates that an increase in the spread between US and Japanese interest rate futures decreases the likelihood of remaining in State 0 in the next period.
Once the coefficients of the model and the transition matrix have been estimated, it is possible to make an inference about which regime was more likely to have been responsible for producing the date t observation of r t . In other words, it is possible to calculate the probability, given the observed data, that the unobserved regime responsible for observation t was regime j. The bottom panel in Figure 2 plots the estimated conditional probabilities of State 1 and shows which periods the model (Baseline 3) identifies as "carry trade" periods, i.e. phases in which carry trade activities are profitable. In particular, the graph highlights a number of regime switches, two of which happen in correspondence to two (October 1998 and February 2007) of the three broadly acknowledged episodes of rapid carry trade unwinding. The most dramatic of these occurred in October 1998, two more recent periods are May 2006 (which the model fails to detect) and February 2007. Each of these three unwinding episodes was associated with an appreciation of the yen that was sharp, at least in terms of daily movements. The upper-left panel of Figure 2 shows that the October 1998 episode, which contained the largest ever one-day movement of the dollar-yen exchange rate, is clearly visible using monthly data. The May 2006 episode is less pronounced, but still noticeable. The episode that began on February 27, 2007 also led to a small uptick in the March 2007 monthly average. The second and the third panel of Figure 2 plot interest rate spreads and exchange rate volatility, the two variables playing a key joint role in carry trade investment decisions. In particular, for the carry trade to be profitable two conditions have to be fulfilled simultaneously: interest differentials needs to be wide enough to compensate for the foreign exchange risk being taken and the volatility of the funding currency has to be relatively low. The third panel in Figure 2 shows that volatility of the dollaryen exchange rate was very high around the time of the sharp yen appreciation of October 1998. During the yen appreciation of May 2006, realized volatility was little changed because the magnitude of the appreciation was not particularly large. We also note a small spike in volatility with the most recent episode in February-March 2007, although overall levels of volatility remained near historical lows. With respect to the other phases which the model identifies as State 0, they all feature either yen appreciation/ high exchange rate volatility or low interest rate spreads. In particular, the period between the beginning of 2002 and early 2005 saw the yen progressively appreciating against the dollar and spreads at historically low levels. One final remark it is worth adding. According to the model, after February 2007, the USD/JPY carry trade is no longer a profitable strategy. In particular, while during 2006, the interest rate differential between US and Japan made long USD/JPY an almost safe bet, the February 2007 unwind caused the yen to depreciate sharply against the world's most liquid currencies. Looking at the spread on the 3-month interest rate futures shows that even though the US dollar still has a positive interest rate differential against the Japanese yen, interest rate expectations are visibly favouring the Japanese yen, what makes the USD/JPY a bad carry trade: the rules of the carry trade require the target currencies to feature both high interest rates and positive interest rate expectations.
Robustness analysis
The academic literature lists time-varying risk premia amongst the reasons for the low empirical support for the UIP theorem 8 . In particular, if economic agents factor risk awareness into their investment decisions, the composition of the portfolio will be shaped not only by expected returns but also by the risk structure of international investments. As a consequence, both the default risk and the exchange rate risk are important for foreign investments and are the factors prompting risk-averse investors to demand a risk premium. Therefore, realistically, a risk premium should be added to the UIP equation. In other words, on average, a given interest rate advantage of foreign investments exceeds the expected rate of appreciation of the domestic currency by the amount of the risk premium. The empirical findings on UIP could then be explained by a quantitatively significant, time-varying risk premium. The aim of this section is to test whether the results obtained so far are robust with respect to the inclusion of a time-varying risk premium in the UIP relationship. As a first step, it is necessary to construct a series of the (unobservable) risk premium. Next, an "augmented" UIP regression is specified as TVTP model in order to assess whether the inclusion of the risk premium does indeed significantly affect the results obtained so far.
In this study, the behaviour of time-varying risk premium is identified and measured in the pricing of forward foreign exchange rates using signalextraction techniques. Kalman filtering models have been used in the extraction of time-varying risk premium by Wolff (1987) and Cheung (1993) . In order to be able to apply the Kalman filter, the risk premium model has to be arranged in the state space form. In particular, the state space model used to study the temporal behaviour of the USD/yen exchange rate risk premium can be written as follows:
where:
F t , and s t are the natural logarithms of the one period ahead forward rate and the spot exchange rate at time t respectively. E t is the conditional expectations operator based on information available at time t. D t is the forecast error from using f t , to predict s t+1 . P t is the unobservable risk premium and v t is the unexpected change in the spot rate. Here P t , is written as an AR (1) process with an innovation term a t . The estimated dollar/yen time-varying risk premium is plotted in Figure 3 . Next, the estimated time-varying risk premium is included in the Markovswitching model of UIP with time-varying transition probabilities according to the following equation:
The Baseline 2 specification of the TVTP augmented model allows for full regime dependency with past realized volatility affecting the evolution of the transition probabilities over time, while in the Baseline 3 specification the time-varying transition probabilities are functions of both the volatility and the interest rate expectations. Again, in order to compare with the baseline TVTP Markov-switching model as well as to get plausible starting values for the means and standard deviations for the TVTP specification, I first estimate a FTP model (Baseline 1). -1023.04 -1020.50 -1020.50 -1042.71 -417.88 Notes: In the Baseline Model 2 and 3 the coefficients α i and β i , for i=1,2 are restricted to sum to zero.
LogL
A likelihood ratio test of the unrestricted TVTP model against the restricted TVTP model produces an insignificant chi-square statistics, providing support for the restricted model. For further details, see Table 1 .
In addition to the baseline models I also considered a number of modifications, by sequentially removing insignificant variables, starting with those displaying higher p-values. The parameter estimates with standard errors and values of likelihood function of all the estimated specifications of the risk-premiumaugmented UIP equation are presented in Table 2 . First of all, we see that the coefficients of the risk premium are statistically insignificant in both states. This might suggest that a specification where the risk premium appears as regime-independent regressor (Modification 1) might be more appropriate. Next, comparing the first four columns of Table 1 and Table 2 we see that both the sign and the magnitude of all the other coefficients are broadly unchanged with respect to the traditional UIP regression estimates. In particular, in all specifications State 1 is again characterized by a highly negative and significant slope coefficient (the relationship between exchange rate returns and interest rate differential) and lower volatility. State 0 features a slope coefficient not significantly different from zero and a volatility twice as high as volatility in State 1. Finally, with respect to the coefficient of the time-varying transition probabilities, both the past realized volatility and the expectations on interest rate spreads show a significant impact on the state of the system, whose magnitude is broadly in line with the results obtained from the traditional UIP regression. It is therefore possible to conclude that the results obtained in Section 4 are robust to the inclusion of the risk premium in the UIP regression.
Concluding remarks
The UIP theorem has had very little empirical support over the past 25 years. Moreover, it has been shown that high-rate currencies have tended to appreciate and low-rate currencies to depreciate, the reverse of theory. The failure of UIP has been no secret to participants in currency markets, where the carry trade (which is essentially a bet against UIP) has become a very popular investment strategy. Carry trades tend to be pursued only when the interest differential is wide enough to compensate for the foreign exchange risk being taken. Being volatility one of the most common measures of risk in financial markets, in this paper I investigate the role that exchange rate volatility plays in the failure of UIP and hence in the build-up of yen carry trade positions.
Ultimately, carry trades provide the link between volatility and the value of the Japanese yen. When volatility increases, speculators holding short positions on Japanese yen and long position on other (target) currencies get nervous and reduce their positions. This reduction causes the yen to appreciate. In this paper, I use a Markov-switching specification of the UIP equation and assume the transition probabilities are time varying. The time-varying transition probabilities are functions of the past exchange rate volatility. I have employed monthly data on the nominal exchange rate, spot and forward, and nominal interest rates for Japan and US. The empirical results in this paper have shed new light on the debate over the relationship between the carry trade and exchange rate volatility. The main findings are as follows. First, all the estimated specifications clearly indicate the presence of a so-called "carry trade" regime, whose features are compatible with the presence of carry trades. Second, the evidence confirms that an increase in exchange rate volatility leads to a higher probability of carry trade unwinding. This results is in line with the notion that the carry trade tends to break down when markets become more turbulent. Third, volatility affects the state transition probability in an asymmetric fashion. In particular, only when the system is in the "carry trade" state an increase in (past) volatility has a significant impact on the state of the dependent variable. This finding is consistent with the notion that in periods of high volatility of the exchange rate the risk of the carry trade increases, discouraging the exposure to it. In other words, adverse movements in volatility (i.e. increases) can indeed trigger the unwinding of carry-trade positions. Fourth, interest rate expectations also appear to have a significant impact on the state of the system. In particular, a decreasing expected US-Japan interest rate spread leads to a higher probability of carry trade unwinding. This finding is consistent with the rules of the carry trade: to be profitable, this strategy requires both a low volatility environment and favourable interest rate expectations. Finally, the inclusion of a timevarying risk premium as additional regressor in the UIP regression, justified by a broad branch of academic literature, leaves the results unchanged, indicating the robustness of the baseline specification and hence the robustness of the nature of the relationship between exchange rate volatility and carry trades.
